1. Introduction
===============

In many previous studies, worse outcomes have been shown for patients admitted to hospital during the weekend, and this is called the "weekend effect".^\[[@R1]--[@R3]\]^ The weekend effect has been reported in various settings such as acute stroke,^\[[@R4]\]^ myocardial infarction,^\[[@R5]\]^ lower extremity ischemia,^\[[@R6]\]^ emergency general surgery,^\[[@R7]\]^ sepsis,^\[[@R8]\]^ and cardiopulmonary arrest.^\[[@R9]\]^ Some studies also evaluated survival outcome by time of day and reported poor survival outcomes for patients with out-of-hospital cardiac arrest^\[[@R9],[@R10]\]^ or trauma^\[[@R11]--[@R13]\]^ treated at night.

However, some studies found the weekend effect to be controversial in trauma patients.^\[[@R14]--[@R16]\]^ In major trauma centres (MTCs) in the United Kingdom (UK), major trauma admissions on the weekend, and at nighttime were not associated with increased mortality.^\[[@R14]\]^ However, an earlier study using the National Trauma Data Bank in the United States showed that patients admitted at night were 1.18 times more likely to die than those presenting within working hours.^\[[@R12]\]^ In a single-center retrospective study in Japan, the mortality in trauma patients requiring subspecialty intervention (open reduction with internal fixation for open fractures of extremities or laparotomy, craniotomy, thoracotomy, or transarterial embolization) was not different between business hours and off hours, but the impact on the outcome of the trauma patients transported urgently according to time of day and day of the week was not evaluated sufficiently.^\[[@R17]\]^

The Japanese Trauma Data Bank (JTDB) is a nationwide trauma registry that is managed by the Japanese Association for the Surgery of Trauma. Data registration in the JTDB was launched in 2003 and approximately 230,000 emergency patients with trauma were enrolled by 2015. We hypothesized that survival rates of emergency patients with trauma in Japan would be lower in those admitted at night compared with daytime and in those admitted on weekends/holidays compared with weekdays. The aim of the present study was to confirm this hypothesis.

2. Methods
==========

2.1. Study design, population, and setting
------------------------------------------

This was a retrospective observational study using the JTDB database. The study period spanned 12 years from January 2004 to December 2015. We included all emergency trauma patients registered in the JTDB database. We excluded the following patients:

Those with

1.  cardiopulmonary arrest on hospital arrival,

2.  missing data (outcome, time of day, day of week, Injury Severity Score \[ISS\], sex, age),

3.  contradicting outcome (patients registered as both "death in emergency room \[ER\]" and "alive at hospital discharge").

This study was approved by the Ethics Committee of the Osaka University Graduate School of Medicine. Personal identifiers were removed beforehand from the JTDB database, and thus the patients' right to informed consent was waived.

Figure [1](#F1){ref-type="fig"} shows the patient flow in this study. During the study period, 236,698 emergency patients were registered in the JTDB. We excluded the following patients: those with cardiopulmonary arrest on hospital arrival (n = 10,170); with missing data on outcome (n = 24,504), time of day or day of week of admission (n = 34,402), ISS (n = 15,517), sex (n = 79), age (n = 597); and with contradicting outcome (n = 40). Finally, 170,622 patients were eligible for our analysis. Among them, 157,587 patients (92.4%) survived to discharge, 1577 (0.92%) died in the ER, and 13,035 (7.6%) died in the hospital.

![The patient flow in this study.](medi-99-e18687-g001){#F1}

2.2. Japanese trauma data bank
------------------------------

The JTDB was launched in 2003 by the Japanese Association for the Surgery of Trauma (Trauma Surgery Committee) and the Japanese Association for Acute Medicine (Committee for Clinical Care Evaluation).^\[[@R18]\]^ In 2016, 256 major emergency medical institutions across Japan were registered in the JTDB database. These hospitals have ability equal to Level I trauma centres in the United States. Data were collected via the Internet from the participating institutions. In most cases, physicians and medical assistants who attended an Abbreviated Injury Scale (AIS) coding course registered the data. The JTDB captures data on trauma patients that includes age; sex; mechanism of injury; AIS code (version 1998); ISS; vital signs on hospital arrival; date, and time series from hospital arrival to discharge; medical procedures such as interventional radiology, surgical operations, and computed tomography scanning; and complications and mortality at discharge. ISS was calculated from the top 3 AIS scores in 9 sites classified by AIS code.

We extracted the following patient data from the JTDB database: age; sex; time of day and day of week of admission; cause of trauma; type of trauma; emergency life-saving technician attendance; systolic blood pressure, heart rate, respiratory rate, and Glasgow Coma Scale score on hospital arrival; ISS; Trauma Injury Severity Score (TRISS) probability of survival (Ps) rate; and prognosis (ER outcome, hospital outcome).

2.3. Endpoint
-------------

The primary endpoint was death in the ER, and the secondary endpoint was discharge to death.

2.4. Statistical analysis
-------------------------

In this study, we defined daytime as 09:00 [am]{.smallcaps} to 16:59 [pm]{.smallcaps} and nighttime as 17:00 [pm]{.smallcaps} to 08:59 [am]{.smallcaps}, weekdays as Monday to Friday, and weekends as Saturday, Sunday, and national holidays based on a previous study.^\[[@R9]\]^ Hospital, patient, and emergency medical services characteristics and outcomes were evaluated between these 4 groups using the Wilcoxon rank-sum test for continuous variables and the Chi-Squared test or Fisher exact test for categorical variables. Characteristics and outcomes were also evaluated between the 2 groups. Continuous variables are presented as the median and interquartile range (IQR).

The homogeneity of circadian and weekly distribution was assessed by Chi-Squared tests. One-way analysis of variance (ANOVA) was used to evaluate the differences in the day of the week or the time of day. Multivariable analysis of the eligible trauma patients was used to assess factors associated with the outcomes by using logistic regression models, and odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated. Potential confounding factors based on biological plausibility and previous studies were included in the multivariable analysis. These potential factors were age (continuous value), sex (male, female), time of day (daytime/nighttime), day of the week (weekday/weekend and holiday), and ISS (continuous value). In the subgroup analysis, death in the ER and death at hospital discharge were evaluated by age group (children aged ≤15 years old vs adults aged ≥16 years old) or by trauma severity (TRISS ≤0.5 or \>0.5). A *P* value of \<.05 was considered significant. All statistical analyses were performed using JMP 11.0.2 (SAS Institute Inc., Cary, NC, USA).

3. Results
==========

Hospital, patient, and emergency medical characteristics by time of day (nighttime vs daytime) or day of week (weekend/holiday versus weekdays) are shown in Table [1](#T1){ref-type="table"}. Compared to the patients admitted at nighttime, those admitted during the daytime were more likely to be older and female but were less likely to have an emergency life-saving technician present and a high ISS score. Patients admitted on weekdays compared to weekend/holidays were more likely to be older and have a higher systolic blood pressure on hospital arrival. Other factors were similar between the groups although there were statistically significant differences because of the very high number of patients enrolled.

###### 

Patient characteristics by time of day or day of week.
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Figure [2](#F2){ref-type="fig"} shows the proportion of ER deaths (Fig. [2](#F2){ref-type="fig"}A, by day of week; 2C, by time of day), and the proportion of hospital deaths (Fig. [2](#F2){ref-type="fig"}B, by day of week; 2D, by time of day) in circadian and weekly distributions. In total, 170,622 patients were admitted: 76,162 during the daytime (including 51,023 on weekdays and 25,139 on weekends/holidays), and 94,460 during nighttime (including 63,334 on weekdays and 31,126 on weekends/holidays). The frequency of death in the ER for each day of the week was uniform (*P* = .7569) whereas that of death at hospital discharge was not (*P* = .0002), with greater frequency measured on Tuesday, Thursday, and Friday. The distribution of death in the ER by time of day was not uniform (*P* \< .0001); the numbers of deaths were high in the period from 4:00 [am]{.smallcaps} to 5:59 [am]{.smallcaps}. The distribution of death at hospital discharge by time of day was also not uniform (*P* \< .0001); the numbers of deaths were high in the period from 6:00 [am]{.smallcaps} to 7:59 [am]{.smallcaps}.

![The number of ER deaths and hospital deaths according to the day of the week or the time of day. A, ER deaths by day of week; B, hospital deaths by day of week; C, ER deaths by time of day; D, hospital deaths by time of day.](medi-99-e18687-g003){#F2}

Table [2](#T2){ref-type="table"} shows the outcomes by time of day or day of week by a multivariable logistic regression model. Deaths both in the ER and at hospital discharge were significantly lower at daytime than at nighttime (623/76,162 \[0.82%\] vs 954/94,460 \[1.01%\]; adjusted odds ratio \[AOR\] 0.79; 95% confidence interval \[CI\] 0.71--0.88 and 5765/76162 \[7.57%\] vs 7270/94,460 \[7.70%\]; AOR 0.88; 95% CI 0.85--0.92; *P* \< .0001), respectively. In contrast, weekdays/weekends was not significantly related to either death in the ER (1058/114,357 \[0.93%\] vs 519/56,265 \[0.92%\]; AOR 0.95; 95% CI 0.85--1.06; *P* = .32) or death at hospital discharge (8975/114,357 \[7.85%\] vs 4060/56,265 \[7.22%\]; AOR 1.02; 95% CI 0.97--1.06; *P* = .51). Even though the death rate in hospital were different in day of week (*P* = .0002 in Fig. [2](#F2){ref-type="fig"}B), our multivariate regression showed that weekdays/weekends was not significantly related to death at hospital discharge.

###### 

Outcomes by time of day or day of week.
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Table [3](#T3){ref-type="table"} shows the results of the subgroup analysis. Evaluation of the deaths in the ER and at hospital discharge by age group (children versus adults) showed that in the children, daytime/nighttime and weekdays/weekends were not significantly related to the study endpoints. However, in the adults, both death in the ER and at hospital discharge were significantly lower during daytime than during nighttime (615/71,526 \[0.86%\] vs 942/89,172 \[1.06%\]; AOR 0.798, 95% CI 0.717--0.889; *P* \< .0001 and 5668/71,526 \[7.92%\] vs 7146/89,172 \[8.01%\]; AOR 0.878, 95% CI 0.842--0.914: *P* \< .0001, respectively). However, the weekdays/weekends was not significantly related to the endpoints. For TRISS probability of survival ≤0.5, neither daytime/nighttime nor weekdays/weekends was significantly related to the endpoints. In contrast, for TRISS probability of survival \>0.5, both death in the ER and at hospital discharge were significantly lower during daytime than nighttime (114/56,834 \[0.20%\] vs 185/70,556 (0.26%); AOR 0.757, 95% CI 0.597--0.960; *P* = .0205 and 2216/56834 \[3.90%\] vs 2661/70,556 \[3.77%\]; AOR 0.884, 95% CI 0.832--0.939: *P* \< .0001, respectively). The weekdays/weekends was not significantly related to death at hospital discharge, but when comparing weekday versus weekend/holiday, death in the ER was significantly lower on weekdays (182/85,394 (0.21%) vs 117/41,996 (0.28%); AOR 0.734, 95% CI 0.581--0.927; *P* = .0105).

###### 

Outcomes by time of day or day of week according to age group or TRISS.
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4. Discussion
=============

From the analysis of a nationwide trauma registry in Japan, this study revealed that nighttime was significantly related to both death in the ER and death at hospital discharge of emergency trauma patients, but weekdays/weekends was not. To our knowledge, this is the first report to assess the association of trauma emergency outcomes with time of day or day of week in Asia, and a national-scale registry made evaluation of these outcomes possible. Our findings not only provide basic epidemiological information about trauma patients but may also help to improve the emergency medical system in the prehospital settings and in the emergency department after hospital arrival.

In this study, both death in the ER and death at hospital discharge were significantly lower at daytime than nighttime, but the weekdays/weekends was not significantly related to death either in the ER or at hospital discharge. Metcalfe and colleagues did not find effects of time of day or day of week on injured patients treated within MTCs in the UK.^\[[@R14]\]^ In the United States, however, the time period from 6:00 [pm]{.smallcaps} to 6:00 [am]{.smallcaps} had a significantly higher adjusted relative risk for in-hospital mortality than the 6 [am]{.smallcaps} to 6 [pm]{.smallcaps} time frame (adjusted relative risk = 1.18, *P* \< .0001).^\[[@R12]\]^ The results of the present study were similar to those from the United States in terms of showing poor prognosis at nighttime.

Why could the present study and other studies not find a weekend effect for trauma patients? In the study of all emergency patients admitted to hospital, higher mortality rates at weekends would reflect a lower probability of hospital admission. The reduced availability of primary care services and the higher thresholds of accident and emergency admissions at weekends suggest that fewer and sicker patients were admitted at weekends than on weekdays, and higher mortality rates at weekends are, therefore, found amongst the direct admissions.^\[[@R19]\]^ However, the analysis of trauma patients such as those in the present study was not thought to be inconsistent with the analysis of all emergency patients. The hospitals participating in the JTDB are major emergency medical institutions with ability equal to the Level I trauma centres in the United States and MTCs in the UK. These hospitals are equipped with trauma systems that can treat emergency trauma patients, and medical resources are available 24 hours a day. Therefore, emergency trauma patients could be treated as usual even on weekends/holidays or at night. Considering these findings, the weekend effect could not be detected in our study in Japan or in the United States or the UK.

Human factors might be related to worsened prognosis among trauma patients at nighttime. Emergency physicians report negative impacts of night shift work, including fatigue, poor quality of sleep, mood decrement, irritability, and health challenges.^\[[@R20]\]^ Of 4 cognitive abilities (speed of processing information, working memory capacity, perceptual reasoning, and cognitive flexibility), the first 3 were impaired after a night shift of 14 hours compared with those after a rest night at home.^\[[@R21]\]^ Working the night shift decreases the cognitive performance of intensive care unit physicians; all 4 the cognitive abilities worsened after a night shift.^\[[@R22]\]^ These studies suggest that the cause of poor patient prognosis at nighttime may be the decline in cognitive ability of emergency or intensive care physicians and other medical staff working at this time.

In the sub-analyses, we found no effect on prognosis in children treated at nighttime and on weekends. To our knowledge, although no studies have assessed the association of trauma emergency outcomes with time of day or day of week in children, Ramsden, and colleagues in the UK reviewed the association of all paediatric patients' outcomes and timings of admission and concluded that weekend admission overall does not increase mortality.^\[[@R23]\]^ However, Desai and colleagues reported that in paediatric neurosurgery patients, weekday after-hours and weekend emergency paediatric neurosurgical procedures were associated with significantly increased 30-day morbidity and mortality risk compared with procedures performed during regular weekday hours.^\[[@R24]\]^ Further studies of paediatric trauma cases are needed to confirm our results.

Surprisingly, when considering the severity of trauma patients, in the patients with TRISS *P*s \>.5, deaths both in the ER and at hospital discharge were significantly lower during the daytime than at nighttime, and day of week was significantly related to death in the ER. Trauma patients with *P*s \>.5 were considered to have preventable death from trauma. In the UK, neither admission at night nor at the weekend was associated with higher odds of in-hospital death when confining analyses to the most severely injured patients (ISS \>15).^\[[@R14]\]^ Because the cause of higher mortality both at hospital discharge and in the ER in the patients with TRISS *P*s \>.5 was unclear in the present study, further study is needed to investigate this relationship.

The results of the present study suggest that it would be important to rethink nighttime work quality to improve the prognosis of emergency trauma patients. To conduct appropriate medical allocations, it will be necessary to improve shift working hours such as by introducing full shift work instead of requiring personnel to be on duty for a full 24-hour period.

There are some limitations in this study. First, although we analyzed the JTDB database in which major critical care centres in Japan participated, there were likely some selection biases because exhaustive research was not performed. Second, our results might not be fully applicable to other areas including the United States and Europe, which have different emergency medical services and medical systems. Third, there might be unmeasured confounding factors that potentially influenced the association of trauma patient outcomes with time of day or day of week. Fourth, this registry does not include trauma patients with prehospital death, and therefore we could not compare these patients with trauma patients alive on hospital arrival. From their analysis of a large-scale data set of ambulance records in Osaka City, Japan, Katayama and colleagues reported that the factors associated with prehospital death due to traffic accidents were nighttime and elderly people and pedestrians as the types of patients,^\[[@R25]\]^ and day of the week was not associated with prehospital death. Fifth, the details of nighttime behavior are unknown. There may be factors that affect outcome, such as heavy drinking as 1 example. Sixth, The criteria of this study (daytime: 9 [am]{.smallcaps} - 5 [pm]{.smallcaps} for 8 hours, nighttime: 5 [pm]{.smallcaps} -- 9 [am]{.smallcaps} for 16 hours) which is based on the EMS and hospital medical staff daytime shift work schedule in Japan may be prone to selection bias. In the future, it will be necessary to build and analyze a trauma registry that includes data on patients suffering pre-hospital death and more details on nighttime behavior.

5. Conclusions
==============

In the JTDB database, both death in the ER and death at hospital discharge were significantly lower during the daytime than at nighttime among emergency trauma patients in Japan, but the day of week was not associated with either endpoint.
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